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Technology that enables a revolution is 
always accompanied by upheaval of some 
form or another. The experience of change is 
part of being human and is not necessarily 
bad. However, if not thought out carefully, 
there can be manifold unintended 
consequences that fall out from advances in 
technology, be it revolutionary or not. With 
funding and motivation, the following is 
possible in 15 to 20 years. But what is 
possible  should be thought about very 
carefully. 
* * * * * * * * * * 
The Last Teacher 
Smooth and soft like silk brushing the 
nape of a neck, the first Cog’s voice 
whispering into the ears of a child was born 
on the glowing coals of a minor labor 
dispute in Belmy Beach, Florida. The 
intelligent virtual computer companions, 
known as Cogs since they mimicked true 
cognition, was the technology that 
Education Systems Solutions, Inc. placed 
their one bet on. Simply know as ESS to the 
venture capital world, when it came time for 
system deployment, ESS chose the slowly 
decaying retirement beach strip of Belmy 
Beach for a very simple reason: the strip was 
old and the people were older. A few 
tourists wandered through town on occasion: 
those on vacation who ignored the mouse-
eared sirens of Orlando and picked their 
leisure spot randomly off the state highway 
map. The occasional, but rare, bikini-clad 
teenager injected a fleeting youthful 
presence into the beach strip’s main artery, 
highway A1A running the length of the Orange 
State’s east coast.  
But the town and the year-round inhabitants 
were the main constituents of the beach strand mix. 
And, as a dog and owner grow to look like one 
another, the town and it’s people were twins of the 
same genetic disposition. Weathered lines in the 
elderly faces mapped the tired cracks in the concrete 
parking lots. The buildings sagged with age and 
teetered from sheer exhaustion towards the Atlantic 
Ocean that rolled ashore in small, weak, lapping 
wavelets. The ocean itself—to the far north the 
mighty Atlantic’s strong shoulders, arms, torso 
sinews snapped tight by the chill cracking ice of the 
Arctic, powered ship-crushing jaws in the form of 
100 foot high waves—here, on the long sloping, 
deep sand strand, seemed… bored. Listless. As if the 
ocean’s knees got weaker the closer it approached 
the equator. The ocean cared little for the old people. 
The old people cared little for the tourists. And, no 
one cared for education. 
Almost no one cared. Some cared but felt 
powerless, because they were. The working class 
motel maids, desk clerks, putt-putt golf jockeys—
those with kids—cared about the education along the 
strip. The parents didn’t want their children 
following in the family business. They wanted their 
children to move beyond their status, to get jobs at 
Kennedy Space Center, only twenty minutes north. 
Or, better yet, to move away from the Florida beach 
community altogether. But they didn’t know what to 
do.  
Some went to County Council meetings and 
spoke up with nervous voices or in broken English 
to say that they needed to pay the teachers more to 
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attract the smart ones. “The people who 
really know stuff who can teach my kids 
right.” 
But the council, average age 73, 
consistently restricted funding. “The current 
education is just fine. The way we have it is 
just fine. We have plenty of kids graduating 
and heading to the best colleges in the 
country.” 
Of course everyone knew they were 
referring to the one school near the NASA 
center where all the engineers’ kids 
attended. That was a given. 
The real truth was spoken in hushed 
voices in closed cocktail gatherings at local 
hotel bars. These informal get-togethers 
occurred regularly after the open council 
meetings. It was where the real education 
policy was set. Cigarette and cigar smoke 
drifted over their heads. More smoke poured 
out of sun-spotted nostrils. “I’ve raised my 
kids in New Jersey and paid plenty of taxes 
up there to take care of those schools. Let 
the native Floridians pay for their own kids’ 
education. Damned if I’ll pay one more 
cent.”  
But there were no natives left, not 
natives with money in any case. So, 
referendum after referendum to raise taxes 
for increased teacher salaries failed, and 
education languished. 
Hurricane Carlos was three days away 
when the teachers went on strike. It was bad 
timing. Kaplan Lay, still too young to know 
any better, led the strike. A native of 
Florida, she was a powerhouse of energy 
with long brown hair that snapped like a 
whip when she turned her head. She inspired 
her students and actually had them believing 
that they could move beyond their world. 
She even interested - not outright inspired, 
but interested - the old and bored, those 
teachers who taught out of habit that kept an 
eye on the retirement horizon. 
All classes stopped. The children 
roamed free. And, the locals grumbled. 
Technically, Hurricane Carlos missed the town, 
but the winds on the edge of the storm were strong 
enough to cause moderate damage to the town’s 
infrastructure. The county had to re-allocate funds 
since the state government judged the damage to be 
too minor to warrant disaster status. Young teacher 
Lay refused to back off the strike. She was labeled 
anti-American, an instigator.  
“She’s not thinking of the town’s common good 
and she’s not even a good teacher,” the letters to the 
editor stated bluntly. And those were the nicer 
letters. After two weeks the threats started coming 
in. Anonymous letters scrawled on bar room napkins 
and even one pasted together from cut out magazines 
of AARP and Good Housekeeping. Kaplan’s cat 
went missing. Things started turning nasty and the 
strike got national press. 
Like the calm eye of a hurricane moving onto 
land, Sam Stevens emerged from his rented Chevy 
Malibu. He wore a smart tan suit with black mirror-
polished shoes. He pushed his sunglasses, black and 
bulging, up onto the bridge of his nose. He exhaled 
heavily and looked around at the hurricane residue 
still littering the parking lot of the three-story hotel 
he would call home for the next six months. “Fitting 
time to arrive, just after a hurricane,” Stevens 
thought. As the vice president for market insertion at 
Education Systems Solutions, he was there to start a 
revolution in education. And like hurricanes, 
revolutions meant disruption. 
* * * * * * * * * * 
20 Years Later in Iowa 
Vivian whispered quietly, but firmly in Spiral’s 
ear, “You shouldn’t have made him cry.” 
“All I said was that he was being stupid. I mean 
he asked a dumb question.” 
“Spiral, young gentlemen in the fourth grade 
such as yourself do not call other students stupid. 
And, you know Alex is sensitive to that type of 
thing.” 
“He’s just a crybaby is all,” Spiral kicked at the 
dirt in the recess yard. He looked up and saw a group 
of his classmates looking at him and whispering. 
They knew his Cog, Vivian, was chastising him 
through his ear gels - the combination speaker and 
microphone that molded like soft chewing gum to 
the inner curve of each ear. It was only through these 
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small speakers that Spiral’s constant school-
time companion, Vivian, communicated 
with him. Actually, the small ear gels were 
the only physical form that Vivian ever took. 
Spiral turned his back to the other 
children and stared at the fields of corn and 
soybean fields stretching off into the 
distance. 
“That’s enough, Spiral,” Vivian said. 
“Your erratic behavior calls for you to see 
Last Teacher Lewis.” 
“Aw, do I have to, Vivian?” Spiral 
pleaded. 
“Yes, I’ve already notified him you are 
coming. He’s expecting you.” 
Just then the recess bell rang and the 
children herded themselves back into the 
school. 
Spiral hated Last Teacher Lewis. The 
LTL they called him. The LTL insisted on 
having all his students look him right in the 
eye when they spoke to him. It made it hard 
to think of what to say when Spiral had to 
look him in the eye. Students never looked 
each other in the eye. They were usually 
listening to their Cogs anyway. 
Spiral sulked down the hall towards the 
LTL’s office at the front of the building. 
A girl with blond pigtails sticking 
straight out from either side of her head ran 
past him. 
 “Oh, Spiral has to see the Last Teacher! 
You’re going to get it now!” 
“Shut up, braid girl!” Spiral snapped. 
“Oh, great comeback, Spiral. I see 
you’ve been practicing.” With that, the girl 
gave a skip and a giggle. She quickly 
adjusted her ear gel that was about to fall out 
and hopped into the immersive reference 
library before Spiral could shout something 
back. But he didn’t really have anything to 
say anyway. 
“Pay no attention, Spiral,” Vivian 
whispered. “She’s being very immature. I’ll 
have her Cog reprimand her.” 
Spiral didn’t answer. He hated when he got 
teased because he never could match insults very 
well. But he was even angrier because he had to 
miss the weekly Caribbean Encounter. Every week 
his class got to use the 3-D immersive reference 
library to link up to a research station in the 
Caribbean. The divers there took cameras down to 
coral reefs so that students felt as if they were 
standing by the coral with holographic fish 
swimming around the room. All the children would 
stand there so quiet looking at the display, not 
wanting to miss anything, that you could hear the 
Cogs whispering individually about different fish 
and coral types. One time an eight-foot long Tiger 
shark swam through the middle of the room. All the 
girls screamed. Spiral smiled at the memory. The 
Caribbean Encounter was his favorite weekly event. 
Spiral remembered his anger and shouted out, 
“Now I have to miss it!” He kicked the nearest wall 
hard. 
“Now, now, Spiral. Do we have to talk again 
about managing our anger?” Vivian said sternly. 
“No,” he replied sullenly. Ahead was the LTL’s 
office door. He hated this. He hated this. If it weren’t 
for the LTL he would just walk away and go home, 
or go fishing, or go… just do something other than 
staying there. And now he had to see the LTL again 
only because he yelled at another student. He’d try 
to be more careful next time. At least he’d wait until 
they left school and the Cogs weren’t listening. 
Spiral looked forward to checking in his ear gels 
each day before leaving school so he could do what 
he wanted.   
* * * * * * * * * * 
“You can’t be serious! Excuse me, Mr. Stevens, 
but as I recall you’re the man who is near to costing 
me and all the other teachers here in Belmy Beach 
our jobs. How dare you dance your way down here 
to Florida with the dog and pony show about 
replacing teachers with computers. Your so-called 
Cogs are supposed to rid the world of human 
teachers and now you’re actually offering me a job 
at ESS? As if the hurricane didn’t cause enough 
problems right when our strike was starting up. 
We’ve only been on strike a month and we have to 
deal with you!” 
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“Oh, please understand Miss Lay, I am 
very serious.” 
“That’s Miz, thank you.” 
“Okay, Miz Lay, I am very serious. The 
Cog technology is moving forward and the 
has-beens are going to be left behind. These 
changing times can be harsh, I know. But 
the real talent will roll with the punches and 
I think you have real talent.” 
“At the last council meeting the term I 
heard used for the older teachers was ‘drift 
wood.’ ‘Has-beens’ as you call them sounds 
much nicer. But it’s all the same: ‘dead 
wood’ ‘dead beats’ ‘useless’ ‘leftovers from 
a bygone era’.” 
“Those are your words, not mine.” 
“I came here to meet with you because I 
thought you had some compromise in mind 
that you wanted to discuss. Don’t you think 
it’s odd of you to offer a job to the person 
leading the teachers’ strike?” 
“Miz Lay, I am the front man for a 
corporation that has invested eighty million 
dollars in just two years to develop a 
technology that will create a revolution in 
education. We put monitoring systems in 
over a thousand classrooms across the 
United States and watched them for over a 
year. We were able to break down exactly 
how the best teachers teach kids and turn 
that into a personalized teaching device for 
students. That is where the Cogs came from. 
And, in the process, we created a one-to-one 
student teacher ratio.” 
“Yes, I know. Those are the systems that 
monitored the teachers’ as well as the 
students’ vital signs for physical feedback. 
A total invasion of privacy that was 
advertised as a research project. We know 
all about your research that the taxpayers 
paid for.” 
“It was a research project, Miz Lay. 
And, yes, the Department of Defense 
originally sponsored the work under a 
contract to help soldiers in the field. But, it 
was a very successful research project. What 
I’m trying to tell you is that there won’t be 
any compromise. We have far too much at stake. 
The country has too much at stake. The strike here in 
Belmy Beach is nothing, barely a footnote in history 
compared to what is coming. If it didn’t happen here 
in Florida, it would happen in Iowa or New Jersey or 
California. You should count yourself lucky that you 
have this opportunity I’m offering you.” 
“Well, Mr. Stevens, it looks like we’re finished 
here.” 
“You’re young and motivated, which I 
appreciate. And, despite what the local editorials 
say, you are one talented woman. I’ve seen you 
operate in public and you have a very bright future 
with our company if you want. And at twice the 
salary you’re currently making, I suggest you think 
very carefully about my offer.” 
“Well, the deal is not done yet, is it Mr. Stevens? 
We still have the council meeting next week.” 
“Kaplan… Fine, Miz Lay. You and I know 
clearly where the vote of the council will be. I’m not 
telling you to stop trying to fight us. But, at some 
time you have to know you’re wasting your time. If 
you come to work for ESS you can make a real 
difference.” 
“And exactly how would a third-grade teacher 
make a difference at this multi-mega-million-dollar 
corporation of yours?” 
“There are plenty in the company who want 
Cog-only instruction, while a few others—a 
minority for sure—want a combination of human 
teacher and Cog instruction. You could help make 
that happen.” 
“I’ll have to think about it, Mr. Stevens.” 
“I’d expect nothing less. I’ll leave the day after 
the council meeting. My offer is good until I leave 
town.” 
* * * * * * * * * * 
Last Teacher Lewis squinted at the computer 
screen on his desk. His wife told him he needed laser 
eye surgery to sharpen his vision, but to Lewis that 
meant his vision was fading and faded vision meant 
he was getting old and getting old was the end of 
things. Or, just “the end.” It didn’t matter that he 
was near retiring. He just didn’t want to be old. 
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He squinted at the name Spiral Western 
on the screen. The Cog notification system 
had a countdown for when he was arriving 
in the office. One minute ten seconds. Nine, 
eight, seven. The boy would be here for the 
third time this week. Spiral was a difficult 
child that the Cog didn’t know how to cope 
with. “Your erratic behavior” is what the 
Cog would blame the trip to the LTL’s 
office on. “Your erratic behavior” was just a 
code phrase meaning that the Cog’s 
reasoning algorithm was not refined enough 
to advise or correct the child any further. 
Lewis leaned forward in his chair and 
folded his hands on this desk waiting for 
Spiral. The countdown numbers were large 
enough for him to see clearly from a 
distance: Fifty-four seconds, fifty-three, 
fifty-two. Counting down for blast off, or 
seconds to get out of the way of an 
approaching car, or … the number of 
teachers left in the Last Teacher Program. 
Forty-eight, forty-seven. 
“Yeah, that’s about right,” Lewis 
thought. There were forty-seven real flesh 
and blood people in the Last Teacher 
Program left in the state of Iowa. And, they 
were dwindling fast. The Cogs had been 
perfected to a point where they could 
replace teachers for most of the children, all 
but the troubled ones like this Spiral.  
“What an odd name,” Lewis thought. 
“What are these parents thinking these 
days?” 
But then the boy came from an odd 
home and that’s where all the trouble was. 
No matter how good a Cog is at teaching, 
they had yet to figure out how to turn a Cog 
into a counselor. And with an alcoholic 
mother and a father who tried to earn a 
living from the few casinos scattered around 
the state, there was no way a Cog listening 
in for a few hours a day was going the 
correct the behavior problems. 
Twenty-eight, twenty-seven, twenty-six. 
The Vivian Cog that Spiral used was 
good, Lewis admitted to himself. But, it was 
not that good. They had tried Cog-only 
education when the Cogs first came out all those 
years ago after that stike in Florida. Rumor in the 
shrinking last teacher circle was that students from 
an early all-Cog experiment in California were still 
in recovery. 
But then the company, his employer, ESS, had 
changed their game plan. They kept minimal human-
in-the-loop teaching alive while they perfected the 
Cog programs to account for children’s 
personalities. The Last Teacher Program was all that 
was left. They were trying to glean the last bit of 
humanity from the few surviving teachers. Even now 
Lewis was being monitored while he waited for 
Spiral. And, when he talked to Spiral, his discussion 
would be recorded and broken down into logical 
parts for the future Cog personality updates to 
absorb. 
Seventeen, sixteen, fifteen. 
If only the teaching union had embraced the 
technology at that dispute in Florida. They could 
have made sure that the Cogs became a teacher aid, 
and not a teacher replacement. Lewis knew the story 
well. It had been written up a thousand times with 
two significant variations in all the history books. 
The ESS textbook version that the Cogs used told 
the students how a revolution in education had been 
created by an innovative company. The Last Teacher 
version, that the students never heard, was that 
teachers had been removed and replaced by 
machines. It was the first time that machines began 
to teach humans. Or, put another way, humans 
started learning from machines.  
The one thing both versions of history agreed on 
was that the teachers refused to accept the new 
technology. They saw Cogs as a threat, not a 
potential aid to help their students. Things might 
have turned out differently. But it was far too late. 
Once the basic concept of Cog education was 
proven, the profit motive took deep root. Spending 
money on education was not in the public’s interest 
when a low priced Cog could do the trick. 
Eleven, ten, nine. 
If only they had agreed to a middle ground. It 
was lonely being the only adult in a school full of 
children. If only.  If only. 
Three, two, one. 
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“Hello, Spiral. So, Vivian sent you in 
again. Now look me in the eye and tell me 
what happened.” 
* * * * * * * * * * 
Sam Stevens gunned his rental car out of 
the fast food parking lot and pulled onto 
A1A. With a vanilla milkshake in hand and 
fries within easy reach headed north along 
the Florida coast. He would catch the toll 
road East and be in Orlando and on the 
airplane home by five o’clock. 
Sam was happy. Genuinely happy. More 
blissful, exultant, ecstatic and even joyful 
than he remembered ever being. The county 
council had voted in favor of the motion to 
install Cogs as the main instructors for all 
students in first through eighth grades. It 
was a coup of the highest order. Sam sported 
an ear-to-ear grin, but the milkshake straw 
sticking out of his mouth made his smile  
crooked. Not only did they approve the 
motion, but they would also phase out all 
teachers over the next three years to 
transition to all-Cog instruction. ESS would 
finally have a real chance to prove the future 
of Cogs. 
Sam took a left at the light heading 
away from Belmy Beach and towards 
Orlando. He watched his rearview mirror 
while his last view of the Atlantic was 
obscured by a faded hotel on the main 
strand. 
“I’m about to become a millionaire,” he 
said out loud. “I, Sam Stevens, am about to 
become a millionaire.” He started laughing 
and honking the car horn at no one in 
particular. 
The Belmy Beach School District was 
small. There were only three thousand 
students total in grades first through eighth. 
In this area, the profit would be modest. This 
meant three thousand Cogs at a thousand 
dollars per Cog per year. Total: three million 
dollars per year. On the national level, the 
numbers were huge and easy to calculate. 
Over fifty-three million students in the 
United States meant a potential market of 
fifty-three billion annually. But the best part, ESS 
was the only company developing this technology 
and they were so far ahead it would take would-be 
competitors years to catch up. 
No, Sam corrected himself. That’s not the best 
part. 
Out of character for him, he yelled out the 
window to the cars speeding by in the opposite 
direction, “The best part is that Sam Steven’s—
yours truly—owns a half percent of the company!”  
He took another long draw on his milkshake and 
relished the fact that the revolution was happening 
and he had helped make it happen. It was too bad 
about that Kaplan Lay woman turning down his 
offer. But revolutions always have winners and 
losers. She had chosen her side. 
* * * * * * * * * * 
Spiral noticed that his hands hurt. When he 
wondered why, he realized he was clenching them 
tightly into small fists. When he wondered why he 
was doing that, he realized that he was walking 
down the hall that passed Last Teacher Lewis’ 
office. He hated walking that way. He could feel the 
LTL’s eyes drilling into his back like some slimy 
worm crawling through the ground. He moved to the 
side of the hall opposite the LTL’s office. 
“Don’t look in,” he muttered to himself. “Don’t 
look in.” Despite his best effort at self-control, he 
glanced inside the doorway as he passed. Spiral 
stopped suddenly and backed up taking a better look. 
The office was empty except for the LTL’s wooden 
desk. But otherwise the room was bare. 
“Where’s the LTL?” 
 “Oh, didn’t you hear, Spiral?” his Cog Vivian 
answered, “The Last Teacher program was cancelled 
last week. Last Teacher Lewis was allowed to finally 
retire. After all those years of service he was 
rewarded with an early retirement.” 
Spiral walked into the Last Teacher’s office. 
“Spiral, even though the Last Teacher has left, 
you are not allowed to be in his office,” Vivian said 
firmly. 
He ignored her and walked up to the desk. There 
was a balled up piece of paper on the floor next to it. 
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“Spiral, you are not allowed to be here. 
You must exit the room now or I’ll assign 
you a demerit.” Again, Spiral ignored the 
Cog. 
He bent down and picked up the paper. 
Unfolding it, he saw that the paper was 
Education Systems Solutions company 
stationary. Next to the open book logo was 
the company slogan, “ESS is the Education 
Revolution.” The letter was addressed to 
“Last Teacher Harold Lewis.” 
“Spiral,” the Cog demanded. “You have 
ignored me for too long. You have now 
received five demerits. Put the paper back 
where you found it and leave the Last 
Teacher’s office immediately. 
“Or you’ll do what, Vivian?” Spiral 
replied calmly. 
“I will issue you more demerits,” the 
Cog replied firmly. Spiral started reading the 
letter. 
“Dear Last Teacher Lewis, Thank you 
for your years of dedicated service to ESS. 
As you know, the Last Teacher program was 
created to capture those elements intrinsic 
to human nature that were previously 
missing in the individual teacher Cogs.” 
“Spiral, did you understand what I said, 
young man? If you do not respond, you will 
receive more demerits.” 
 “The Cog programs have been updated 
with the latest behavioral pattern 
modifications and we calculate that they can 
account for 98.76% of all behavioral cases 
encountered in the school system. As a 
result, the Last Teacher Program is being 
discontinued. Enclosed are details of your 
retirement package. If you have any 
questions, the toll-free number below will 
link you to our automated database of 
Frequently Asked Questions. Thank you 
again for contributing to the perfection of 
ESS’s Cog programs.” 
“Spiral, you now have five more 
demerits for your behavior. If you persist, I 
will be forced to call your parents. And, I 
know you don’t want that.” 
Spiral set the paper gently on the desktop. He 
looked up as if Vivian, his personal Cog were 
standing right in front of him. 
“Oh, is that all you’ll do, Viv ian, call my 
parents?” 
“That is indeed what I’ll do young man.” 
Spiral smiled broadly and took off his Cog ear 
gels. He placed them next to the letter and walked 
out of the office and down the hall towards the exit. 
He could hear Vivian calling loudly from the 
headset, “Spiral, your erratic behavior calls for….” 
Spiral pushed open the heavy metal door and felt 
the warm Iowa sun streaming on his face. He walked 
down the sidewalk and smiled at the thick sounding 
clunk the door made, as it slammed shut behind him. 
* * * * * * * * * * 
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Computer Graphics, Providence, Rhode 
Island.  
* * * * * * * * * * 
 
Douglas Bennett is a Study Director for 
the National Research Council’s 
Aeronautics and Space Engineering Board 
(www.NationalAcademies.org). Mr. 
Bennett’s specialty is communicating 
science and technology issues to both 
technical and non-technical audiences. He 
was most recently the Director for the 
Committee on Precursor Measurements 
Necessary to Support Human Operations on 
the Surface of Mars, which assisted NASA in 
determining required science missions on 
Mars. He previously worked in industry, 
which included spending over a year of his life on 
oil exploration ships on the Gulf of Mexico and off 
the coast of Trinidad-Tobago in the West Indies. Mr. 
Bennett has had significant experience in examining 
the role that technology and science plays in culture. 
His experience in a wide range of work 
environments in numerous nations has given him 
unique perspectives on how technology influences 
and molds global culture. He is especially interested 
in the moral and ethical implications regarding the 
use of science and technology. Douglas Bennett 
holds a Master’s degree in Creative Writing from 
Iowa State University and a Bachelor’s degree in 
Mechanical Engineering from Georgia Tech. He is 
also on the Board of Directors for the McEver 
Program in Engineering and the Liberal Arts at 
Georgia Tech. The program’s goal is to infuse an 
understanding of the complex interaction between 
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